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Description 

METHOD OF MAKING LAMINA SAMPLE AND COMPOSITE CHARGED PARTICLE 
BEAM APPARATUS 

Technical Field 

The present invention relates to a method of making a 
lamina sample for making the lamina sample for observing by 
a transmission electron microscope, which forms a lamina in 
a sample surface of a semiconductor device or the like, and 
a composite charged particle beam apparatus. 

Background Art 

In recent years , in various devices such as semiconductor 
device and display device, in order to realize an improvement 
in function, their structures become, fine and complicated. 
Especially, an element or wiring forming each device becomes 
a laminated structure in which thin films of several -atom level 
have been overlapped, and a demand for observing that structure 
is high. For this reason, such a technique becomes general 
that the lamina is taken out by forming it by using a focused 
ion beam in a sample surface predetermined place, and it is 
observed by a high resolving power microscope such as 
transmission electron microscope. 

Hitherto, there is known a method in which, by using a 
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composite apparatus comprising a focused ion beam irradiation 
system and an electron beam irradiation system, the lamina sample 
is made by sputtering-etching-working a desired place of the 
sample surface by the focused ion beam, the lamina having, been 
made is taken out, and the lamina sample having been taken out 
is observed by the transmission electron microscope (for example , 
refer to Patent Document 1) . 

[Patent Document 1] JP-A-4-76437 Gazette (2nd page) 
[Patent Document 2] JP-A-4-62748 Gazette (2nd page) 
With a development of a device manufacturing technique, 
the structure of an object to be observed becomes fine. In 
order to observe this fine structure, although the transmission 
electron microscope is utilized, in order to observe the fine 
structure by the high resolving power microscope, there is shown 
the fact that, when performing a lamina sample making for the 
observation, an injury left in the lamina sample when the 
sputtering etching working by the focused ion beam (FIB) has 
been performed is made minimum and, at the same time, a shape 
confirmation of the lamina sample is performed in a scanning 
electron microscope (SEM) observation by an electron beam 
irradiation scan. 

As shown in the Patent Document 2, in order to uniformize 
a thickness of the lamina sample, it is known to work the sample 
while being slanted. However, in such a working method, amethod 
of controlling the thickness of the lamina is not known. 
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The present invention solves the above issue,, and its 
object is to make it possible to accurately control the thickness 
of the lamina and, at the same time, make the lamina sample 
in a short time. 

Disclosure of the Invention 

In order to solve the above problem, in the invention 
of the present application, there has been adapted such that, 
in a method of Sputtering-etching-working the sample surface 
by using the focused ion beam, the lamina sample is made while 
measuring the thickness of the lamina to thereby confirm the 
thickness by scan-irradiating a 2nd focused ion beam from a 
direction parallel to a side wall of the lamina having been 
formed. 

Additionally, there has been adapted such that the working 
is performed by combining plural focused ion beams, thereby 
shortening a time required for the working. 

Further, by using a twin-beam apparatus (FIB + FIB) or 
a dual -beam apparatus (FIB + SEM) , a tilt angle of a stage of 
the apparatus has been made a direction in which an angle that 
a sample stage face forms with a plane containing each beam 
lens -barrel is alterable. This fact is explained by using Fig . 
4 . 

Normally, like Fig. 4 (a) , a sample stage 7. is constituted 
-so as to slant in a plane direction containing each of beam 
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lens -barrels 1, 3. 

In contrast to this, in the present invention, there 
becomes a constitution in which it slants with respect to an 
axis different by at least 90 degrees as shown in, Fig. 4(b) . 
By this fact, it is possible to measure the thickness of the 
lamina sample at the same time as capable of working by correcting 
a slant angle of the side wall by a 1st charged particle beam, 
or immediately. Or, additionally, there is contained also the 
fact that it slants in both the above directions. That is, 
there becomes a dual-tilt constitution having two slant axes 
in the twin-beam apparatus or the dual-beam apparatus. 

That is, in the invention of the present application, 
first of all, there is characterized in that --in a method 
of making a laming sample by forming a lamina part by 
etching- working by scan- irradiating a focused ion beam to a 
sample surface, and taking out the lamina part-- at the same 
time as making the lamina part by an etching working of a 1st 
focused ion beam or with an irradiation of the 1st focused ion 
beam being temporarily interrupted, by scan- irradiating a 2nd 
focused ion beam in a direction parallel to a side wall of the 
lamina part having been made, a surface portion of the lamina 
is microscope-observed to thereby measure a thickness of the 
lamina part, and the etching working is finished by confirming 
the fact that the thickness of the lamina part has become a 
predetermined thickness. 



Secondly, there is characterized in that --in a method 
of making a lamina sample by forming a lamina part by 
etching-working by scan-irradiating a focused ion beam to a 
sample surface, and taking out the lamina part, comprising a 
1st process of etching-working both sides of a region, which 
is to be made a lamina, under a 1st focused ion beam condition 
by using a 1st focused ion beam, a 2nd process of etching-working 
a side wall of the region, which is to be made the lamina, by 
using the 1st focused ion beam subsequently to the 1st process 
under a 2nd focused ion beam condition in which is an acceleration 
voltage is low and/or a beam current is low in comparison with 
the 1st focused ion beam condition, and a 3rd process of measuring 
a thickness of the region, which is to be made the lamina, by 
microscope -observing a surface portion of the region, which 
is to be made the lamina, by scan- irradiating a 2nd focused 
ion beam in a direction parallel to a side wall of the region, 
which is to be made the lamina-- the thickness of the region, 
which is to be made the. lamina, is formed into a predetermined 
thickness while simultaneously performing or alternately 
repeating the 2nd process and the 3rd process. 
■ ) Thirdly, amethodof making a lamina sample by the invention 

of thepresent application is characterized in that , after having 
been formed into a 1st desiried thickness by applying the 2nd 
and 3rd processes to a 1st side wall of the region which is 
to be made the lamina, it is formed into the predetermined 
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thickness by applying the 2nd and 3rd processes to a 2nd side 
wall of the region which is to be made the lamina. 

Fourthly, there is characterized in that, when 
etching- working the side wall of the region, which is to be 
made the lamina, in the 2nd process, the sample is slanted such 
that the 1st focused ion beam is irradiated to the side wall 
so as to correct its slant , thereby scan- irradiating the focused 
ion beam. 

Fifthly, there is characterized in that --in a method 
of making a lamina sample by forming a lamina part by 
etching-working by scan-irradiating a focused ion beam to a 
sample surface, and taking out the lamina part, comprising a 
1st process of etching-working both sides of a region, which, 
is to be made a lamina, under a 1st focused ion. beam condition 
by using a 1st focused ion beam, a 2nd process of etching-working 
a side wall of the region, which is to be made the lamina, by 
scan- irradiating a 2nd focused ion beam from a direct ionparal lei 
to the side wall of the region, which is to be made the lamina, 
and an angle different from the 1st focused ion beam, and a 
3rd process of measuring a thickness of the region, which is 
to be made the lamina, by microscope-observing a surf ace.port ion 
of the region , which is to be made the lamina, , by scan- irradiating 
under a 2nd focused ion beam condition, in which an acceleration 
voltage is low in comparison . with the 1st focused ion beam 
condition, by using the 1st focused ion beam-- the thickness 
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of the region, which is to be made the lamina, is formed into 
a predetermined thickness while simultaneously performing or 
alternately repeating the 2nd process and the 3rd process. 

Sixthly, there is characterized by comprising --in a 
method of making a lamina sample by forming a lamina part by 
etching- working by scan- irradiating a focused ion beam to a 
sample surface, and taking out the lamina part-- a 1st process 
of sputtering-etching-working a 1st worked region for exposing 
a 1st side wall of a region, which is to be made a lamina, under 
a 1st focused ion beam condition of a 1st focused ion beam and, 
at the same time, sputtering-etching-working a 2nd worked region 
for exposing a 2nd side wall of the region, which is to be made 
the lamina, under a 1st focused ion beam condition of a 2nd 
focused ion beam, a 2nd process of sputtering-etching-working 
the 2nd worked region under the 1st focused ion beam condition 
of the 1st focused ion beam and, at the same time, 
sputtering-etching-working the 1st worked region under the 1st 
focused ion beam condition of a 2nd focused ion beam, 

a 3rd process of microscope-observing a surface portion 
of the lamina by scan- irradiating under a 3rd focused ion beam 
condition of the 2nd focused ion beam at the same time as 
sputtering-etching-working the 1st side wall by slanting the 
sample such that the 1st focused ion beam enters so as to correct , 
in the 1st side wall, its slant under a 2nd focused ion beam 
condition in which an acceleration voltage is low and/or a beam 
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current is low than the 1st focused ion beam condition by using 
the 1st focused ion beam, or with an irradiation of the 1st 
focused ion beam being temporarily interrupted, and finishing 
the etching working by the 1st focused ion beam by confirming 
the fact that a thickness of the lamina has become a 1st 
predetermined thickness by measuring the thickness of the lamina , 
and a 4th process of microscope-observing the surface portion 
of the lamina by scan- irradiating under the 3rd focused ion 
beam condition of the 2nd focused ion beam at the same time 
as sputtering-etching-working the 2nd side wall by slanting 
the sample such that the 1st focused ion beam enters so as to 
correct, in the 2nd side wall, its slant under the 2nd focused 
ion beam condition of the 1st focused ion beam, or with the 
irradiation of the 1st focused ion beam being temporarily 
interrupted, and finishing the etching working by the 1st focused 
ion beam by confirming the fact that the thickness of the lamina 
has become a 2nd predetermined thickness thinner than the 1st 
predetermined thickness by measuring the thickness of the 
lamina. 

Seventhly, there is characterized by having a finishing 
process of sputtering-etching by irradiating an inert ion beam 
to the side wall of the region which is to be made the lamina, 
and in that, after a sputtering etching working by the inert 
ion beam, a thickness of the region, which is to be made the 
lamina, is made so as to become a desired thickness. 
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. Eighthly, in an composite focused ion beam apparatus in 
the invention of the present application, there is characterized 
in that --in a composite focused ion beam apparatus comprising 
a 1st focused ion beam lens -barrel scan-irradiating an ion beam, 
which has generated from an ion source,, to a sample surface 
while being focused, a 2nd focused ion beam lens-barrel 
scan- irradiating the ion beam, which has generated from the 
ion source, to the sample surface while being focused, and a 
sample stage which mounts a sample, has plural drive shafts 
and moves the sample in a three-dimensional space- - a 1st focused 
ion beam having been irradiated from the 1st focused ion beam 
lens-barrel and a 2nd focused ion beam having been irradiated 
from the 2nd focused ion beam lens -barrel are disposed so as 
to be irradiated at different angles to the same place of the 
sample surface having been mounted to the sample stage, and 
the sample stage slants , with at least a 2nd plane intersecting 
perpendicularly to a 1st plane formed by the 1st focused ion 
beam lens -barrel and the 2nd focused ion beam lens -barrel being 
made a reference, so as to be capable of altering an angle with 
respect to the 1st plane . 

Ninthly, in an composite focused ion beam apparatus by 
the invention of the present application, there is characterized 
in that --in a composite focused ion beam apparatus comprising 
a 1st focused ion beam lens-barrel- scan-irradiating an ion beam, 
which has generated from an ion source, to a sample surface 

9 



while being focused, a 2nd focused ion beam lens -barrel 
scan- irradiating the ion beam, which has generated from the 
ion source, to the sample surface while being focused, an inert 
ion beam lens-barrel, scan- irradiating an ion beam, which has 
generated from an inert ion source, to the sample surface while 
being focused, and a sample stage which mounts a sample, has 
plural drive shafts and moves the sample in a three-dimensional 
space-- the 1st focused ion beam lens-barrel, the 2nd focused 
ion beam lens -barrel and the inert ion beam lens -barrel are 
disposed on the same plane, a 1st focused ion beam having been 
irradiated from the 1st focused ion beam lens-barrel , a 2nd 
focused ion beam having been irradiated from the 2nd focused 
ion beam lens -barrel and an inert ion beam having been irradiated 
from the inert ion beam lens -barrel are disposed so as to be 
irradiated at different angles to the same place of the surface 
of the sample having been mounted to the sample stage, and the 
sample stage slants, with at least a 2nd plane intersecting 
perpendicularly to a 1st plane formed by the 1st focused ion 
beam lens -barrel, the 2nd focused ion beam lens -barrel and the 
inert ion beam lens-barrel being made a reference, so as to 
be capable of altering an angle with respect to the 1st plane. 

Brief Description of the Drawings 

Fig. 1 is one constitution example of a focused ion beam 
composite . apparatus by the present invention. 



10 



. Fig. 2 is an explanatory view relating to an operation 
of a sample stage used in the focused ion beam composite apparatus 
by the present invention. 

Fig. 3 is one embodiment of a method by the present 
invention. 

Fig. 4 is an explanatory view showing a tilt direction 
of the sample stage, wherein (a) is a front view, and (b) its 
side view. 

Best Mode for Carrying Out the Invention 

One embodiment of an apparatus of the present invention 
is explained by being shown in Fig. 1. 

To a sample chamber 4, there are. attached a 1st focused 
ion beam lens-barrel 1 which focuses ions generating from a 
liquid metal ion source by a focused ion optical system and 
scan- irradiates them while being focused to a sample surface, 
a 2nd focused ion beam lens-barrel 2 which focuses the ions 
generating from the liquid metal ion source by the focused ion 
optical system and scan- irradiates them while being focused 
to the sample surface, and an inert ion beam lens -barrel 3 which 
generates an inert ion beam such as argon and irradiates it 
to a sample. An inside of the sample chamber is evacuated by 
a pump 5, thereby holding a high vacuum state. In an inner 
side of the sample chamber 4, there is installed a sample stage 
7 mounting and moving a sample 6. 



11 



The 1st focused ion beam lens -barrel 1, the 2nd focused 
ion beam lens-barrel 2 , and the inert ion. beam lens-barrel 3 
are disposed on the same plane. And, a 1st focused ion beam 
emitted from the. 1st focused ionbeam lens-barrel 1 , a 2nd focused 
ion beam emitted from the 2nd focused ion beam lens -barrel 2, 
and an inert ion beam emitted from the inert ion beam lens -barrel 
3 are adjusted ; so as to intersect in one place of a surface 
of the sample 6 having been mounted to the sample stage 7. At 
this time, dispositions of the 1st focused ionbeam lens-barrel 
1, the 2nd focused ion beam lens-barrel 2, and the inert ion 
beam lens -barrel 3 may be replaced. 

Although the sample stage 7 has plural drive shafts and 
is adapted so as to be capable of moving the sample in. a 
three-dimensional space with the sample 6 mounted, it becomes 
a structure in which, as shown in Fig. 2, with a 2nd plane 9 
intersecting perpendicularly to a 1st plane 8 containing the 
1st focused ion beam lens-barrel 1, the 2nd focused ion beam 
lens -barrel 2 and the inert ion beam lens-barrel 3 being made 
a reference, their intersecting angles are alterable. It 
suffices if an alterable range of the intersecting angles is 
at least ± 1 degree. This is a slant angle provided in order 
to . stand up a side wall of the sample perpendicularly to the 
sample surface. If it can be experimentally slanted than an 
angle of this degree, it is possible to achieve an object . That 
is, it is possible to correct a slant of a side wall face of 
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the sample. 

The 1st focused ion beam emitted from the 1st focused 
ion beam lens -barrel 1 and scan- irradiated to the sample surface 
■ sputtering- etching- works a worked region in the surface of the 
sample 6. At the same time or with the 1st focused ion beam 
being stopped, the 2nd focused ion beam emitted from the 2nd 
f ocused ion beam lens -barrel 2 and scan- irradiated to the sample 
surface is scan- irradiated to a region containing the Worked 
region in the surface of the sample 6. And, secondary charged 
particles such as electrons generating from the sample 6 surface 
are detected by a secondary charged particle detector not shown 
in Fig. 1, and become a scanning electron microscope image by 
an apparatus control system similarly not shown in the drawing. 
Further, roles of the 1st focused ion beam lens -barrel 1 and 
the 2nd focused ion beam lens-barrel 2 can be replaces as well. 
Additionally, the 1st focused ion beam lens-barrel 1 and the 
2nd focused ion beam lens -barrel 2 can similarly 
sputtering-etching-work the same place or different places of 
the sample surface as well. 

In a case where a lamina sample is made by using the present 
apparatus, a state performing the sputtering etching work by 
one of the focused ion beams is observed by a scanning ion 
microscope image by a scan irradiation of the other of the focused 
ion beams and, when the thickness of the lamina has become a 
thickness having been set, the apparatus control system finishes 
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the irradiations of the 1st and 2nd focused ion beams to the 
sample . 

Further, after the lamina has been worked to a 
predetermined thickness by the focused ion beam, at the same 
time as performing the sputtering etching working by iriradiat ing 
the inert ion beam, which is emitted from the inert ion beam 
lens -barrel 3 , to a lamina periphery of the sample 6 surface, 
the lamina periphery is observed by the scanning ion microscope 
image by scan- irradiating any one of the 1st or 2nd focused 
ion beam and, when the thickness of the lamina has become the 
thickness having been set , the apparatus control system finishes 
the irradiations of the focused ion beam and the* inert ion beam 
to the sample. 

In Fig. 3, there is explained one embodiment of a method 
by the present invention. 

As shown in Fig. 3a, working frames 12a and 12b are set 
in both sides of a region 11, in the sample surface, to be left 
as the lamina. 

And, at the same time as the working frame 12a is 
sputtering-etching-worked by a 1st focused ion beam 101, the 
working frame 12b is sputtering-etching-worked by a 2nd focused 
ion beam 102 . 

Subsequently, although not shown in the drawing, the 
•working frame 12b is sputtering-etching-worked by the 1st 
focused ion beam, and the working frame 12a by the 2nd focused 
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,ion beam. 

At this time, the 1st focused ion beam and the 2nd focused 
ion beam sexist on a plane intersecting perpendicularly to the 
sample surface, and are disposed in a position where they enter 
at different angles into the same place of the sample surf ace . 
And, both of them perform the sputtering etching working under 
a 1st focused ion beam condition in which an acceleration voltage 
is high and an etching velocity is rapid. 

As a result, both sides of a region having contained the 
region 11 to be left as the lamina are etching- worked. 

Subsequently, as shown in Fig. 3b, a working frame 13 
is set in one of side wall sides of the region 11 to be left 
as the. lamina. And, the sample is slanted, and the sputtering 
etching working is performed by s^an- irradiating the 1st focused 
ion beam 101 under a 2nd focused ion beam condition in which 
a beam diameter is small in comparison with the 1st focused 
ion beam condition. The slant angle is made one set such that 
a side wall of the lamina becomes perpendicular to the sample 
surface. At this time, while irradiating the 1st focused ion 
beam or with the 1st focused ion beam being stopped/ a surface 
of the lamina is scanning- ion-microscope -observed by 
scan- irradiating the 2nd focused ion beam under a 3rd focused 
ion beam condition. And, when the thickness of the lamina has 
become a predetermined thickness, the irradiations of the 1st 
and 2nd focused ion beams are finished. 
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Subsequently, as shown in Fig. 3c, a working frame 14 
is set in the other of side wall sides of the region 11 to be 
left as the lamina. And, the sample is slanted, and the 
sputtering etching working is performed by scan- irradiating 
the 1st focused ion beam 101 under the 2nd focused ion beam 
condition. The slant angle at this time is determined under 
the same condition as the other slant . Similarly to the process 
of Fig. 3b, the surface of the lamina is 
scanning-ion-microscope-observed by scan- irradiating the 2nd 
focused ion beam under the 3rd focused ion beam condition . And, 
when the thickness of the lamina has become the predetermined 
thickness, the irradiations of the 1st and 2nd focused ion beams 
are finished. 

And, here, the lamina may be cut off from the sample by 
working surroundings of the lamina by the sputter etching working 
by the 1st or 2nd focused ion beam. 

In a case where the injury due to the sputtering etching 
working by the focused ion beam, which is left in the lamina, 
influences on the observation by the transmission electron 
microscope, it may be performed by setting the acceleration 
voltage to a low voltage of 10 kV or lower under th,e 2nd focused 
ion beam condition. 

Further, as shown in Fig.. 3d, the sample is returned to 
a horizontality , and the inert ion beam is irradiated to a region 
15 containing the lamina. And, the lamina periphery may be 
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sputtering-etching-worked. At that time, the surface of the 
lamina is scanning-ion-microscope-observed by 

scan- irradiating the 1st or. 2nd focused ion beam to the lamina 
periphery under the 3rd focused ion beam condition and, when 
the thickness of the lamina has become the predetermined 
thickness, the irradiations of the focused ion beam and the 
inert ion beam are finished. 

Thereafter, similarly to the above, the lamina is cut 
off from the sample by working surroundings of the lamina by 
the sputtering etching working by the focused ion beam. 

Industrial Applicability 

By the present invention, when forming the lamina in the 
sample surface, it is possible to accurately control the 
thickness of that lamina and, at the same time, to make the 
lamina sample in a short time . Further, although not explained 
by the embodiment and the like, from the fact that the thickness 
of the lamina is being observed by scan- irradiating the focused 
ion beam from a direction parallel to the side wall of the lamina, 
it is possible to obtain an advantage that it is possible to 
confirm also a uniformity of the thickness not only in an upper 
part of the lamina but also to a lower part of the same. 
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